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(57) Abstract 



In a machine having rotating components, in which a substance is processed in continuous form, a sensor generates signals 
representative of the instantaneous supply rate of the substance at one or more selected locations in the machine. A processor performs a 
Fast Fourier Transform (FFT) analysis on such signals, to determine the amplitude harmonic value at each frequency over a spectrum of 
frequencies. The measured FFT values are compared to reference values at the corresponding frequencies in order to identify out-of-spec 
values and generate an error signal. Preferably also, the processor matches the frequency corresponding to the out-of-spec amplitude to a 
corresponding harmonic frequency value of one of the rotating machine components. 
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METHOD AHD APPARATUS FOR 
DIA0N08XN0 MECHANICAL PROBLEMS, 
PARTICULARLY IM CIGARETTE MAXERS 



Field of the Invention 
5 The present invention relates to machinery for making 

articles in which an element used to make the product is 
supplied as a continuous stream of material. The invention has 
particular application to cigarette makers, in which the 
machine forms loose tobacco into a continuous stream in order 
10 to make a cigarette rod. 

BacKqronnfl <?£ the Invention 

Cigarette manufacturing has become a highly automated 
operation with tremendous effort going into the areas of 
efficiency and product quality. Cigarette making machines have 

15 been developed to operate at increasingly high-speeds/ with 
machines now capable of running at production rates of up to 
14,000 cigarettes per minute. However, as machine speeds have 
increased, it has become increasingly difficult to maintain 
product uniformity and high quality, because at such speeds 

20 even small variations in machine performance can alter the 
composition of the final product. 

In order to maintain quality control, it is currently 
the practice to monitor certain properties of the final 
product. A number of product measurements are normally made, 

25 such as cigarette rod density, and compared to preestablished 
limits. If data values exceed the limits established, the 
diagnostic processor compiles a listing which is evaluated by 
personnel to attempt to determine the cause of the out-of-spec 
condition and what corrective action is needed. 

30 In addition to monitoring the quality of the final 

product, it is also the practice to monitor the machine to 
ensure that it is operating normally. The state-of-the-art 
method for monitoring the operation of the machine involves the 
use of vibrational analysis. 

1 
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In a typical vibration analysis diagnostic system, a 
frequency reference disk file is established which stores 
various frequencies of interest and amplitude limits. The 
frequencies of interest are based on the RPM harmonics of the 
5 major rotating and moving parts of the machine, as well as 
higher order vibrational frequencies. Amplitude limits are 
assigned to all frequencies and frequency ranges of interest 
based on data from the machine manufacturers, testing, and 
historical data. 

10 When the machine is operating, vibration measurements 

are made at key locations on the machine using accelerometers 
and/or velocity transducers. The signals are then analyzed, 
using a Fast Fourier Transform ("FFT") analysis, to determine 
their harmonic frequencies. The theory of Fourier Frequency 

15 Analysis very basically is that a complex time domain wave form 
can be represented as a sum of individual sine waves. The 
application of this technique to the amplitude-versus-time wave 
produced by machines having multiple rotating parts results in 
a determination of the vibrational amplitude at various 

20 frequencies. 

Each harmonic or range of harmonics in each sensor 
frequency spectrum is compared to the limit information in the 
frequency reference file. If one or more amplitudes exceed the 
limit for the respective frequency, a list of harmonic 

25 amplitude values and/or graph of the harmonic spectrum is 
generated, along with the parts which have corresponding 
harmonic frequencies. The spectral information is then 
interpreted by maintenance personnel or expert systems software 
to isolate the exact mechanical problem. 

30 Vibrational analysis techniques provide frequency 

information concerning the condition of the various mechanical 
parts which generate the vibration, e.g., motors, bearings, 
component imbalance and misalignment, and component failures 
and impending failures can be identified using these 

35 techniques. However, such techniques do not provide 

quantitative information on the effect of the mechanical 
components on the tobacco stream. A mechanical component in the 
cigarette maker can exhibit a normal vibrational spectra and, 
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through mis-adjustment, still adversely affect the tobacco 
stream. This condition is especially apparent in the cigarette 
maker hopper section due to the many rotating components 
involved in feeding the tobacco. 
5 Similarly, measuring the properties of the product 

output does not provide sufficient information about the 
interrelated effects of mechanical parts on the manufacturing 
process, i.e., the tobacco stream, to optimize the rod making 
performance of cigarette makers. 

10 Summary of the Invention 

The present invention is a micro-computer based 
system for the purpose of monitoring, analyzing and baselining 
the interrelated effects of rotating or moving mechanical parts 
in a machine and a product output. The system provides 

15 maintenance personnel with quantitative diagnostic information 
concerning the source or sources of any abnormal variation in 
the product. The system enhances the ability to optimize and 
maintain the efficiency and quality output of the machine. 

The invention will be described in relation to 

20 machinery for making cigarettes. In a cigarette maker, a 

tobacco stream is formed into a rod and wrapped by cigarette 
paper. The tobacco stream is formed from loose tobacco and 
continuously manipulated in the maker by a multitude of 
rotating and moving mechanical components. 

25 Ideally, the net result of all this manipulation 

would be the production of a cigarette in which the tobacco rod 
has a constant weight-per-unit-length and circumference. Of 
course, because the tobacco rod is composed of individual 
pieces of cut tobacco, there would be small variations in 

30 density along the rod, but the distribution of such variations 
in tobacco density should be random. 

The applicant has found, however, that even when the 
maker is operating normally, the variations in density along 
the rod are not random. To the contrary, the density of the 

35 passing tobacco stream varies with a characteristic frequency 
which is a function of the underlying frequencies of the 
various rotating components responsible for supplying tobacco 
to form the rod. In other words, the mechanical moving 

3 
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components influence the stream to the extent that they leave a 
frequency signature in the tobacco stream corresponding to the 
component's rotations RPM or period of movement. 

The diagnostic system according to the present 
5 invention correlates directly the effect of the rotating 
mechanical parts of the maker on the quality of the output 
product, using a Fast Fourier Transform frequency analysis 
technique. Rather than performing an FFT analysis on machine 
vibration, however, the FFT analysis is performed on the 
10 measurements of tobacco weight. 

In an exemplary embodiment, 2048 data points are used 
for each analysis. The 2048 point FFT's yield frequency spectra 
consisting of 1024 harmonics covering a range of 166.666 hertz 
with a frequency resolution of 0.163 hertz. Variation in the 
15 tobacco stream is indicated in the spectra at the frequencies 

which collectively make up the variation. The amplitude of each 
frequency harmonic corresponds directly to the amount each 
harmonic contributes to the variation. In the case of the 
tobacco density signal, the amplitude of each harmonic 
2 0 indicates an amount of variation in the tobacco stream at a 
certain frequency expressed in milligrams of tobacco. 

Traditional measurements of tobacco rod variation, 
e.g., standard deviation or variance in tobacco density, only 
provide an indication of overall variation. With the variation 
2 5 in the tobacco stream expressed in the frequency domain, it 
becomes much more evident that there are usually multiple 
contributors to the total variation. With the frequencies of 
variation known, mechanical system design specifications can be 
consulted to locate the mechanical components operating at the 
3 0 offending frequencies . 

For a better understanding of the invention, 
reference is made to the following detailed description of a 
preferred embodiment, taken in conjunction with the drawings 
accompanying the application. 

35 Brief Description of the Drawing 

Fig. 1 is a block diagram of a cigarette maker 
illustrating one embodiment of the present invention; 

4 
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Fig. 2 is a block diagram of the cigarette maker 
electronic interface and the micro-computer system according to 
the invention; 

Fig. 3 is a flow chart illustrating a procedure for 
establishing a reference table in the present invention; and 

Fig. 4 is a flow chart illustrating the operation of 
the present invention. 

Detailed Description of A Preferred Embodiment 

The basic operation of a cigarette maker is well 
known and is shown generally in Fig. 1. Tobacco is delivered 
automatically by means of an overhead pneumatic feed system 10 
to a gate 12 which is opened at required intervals to deliver 
batches of cut tobacco into the first magazine 14 of a hopper. 
Tobacco is then transferred out of the first magazine 14 by a 
two-speed carded band elevator 16, after which it falls into a 
second magazine 18. The tobacco is carried from the second 
magazine 18 by a coarse carded feed drum 20 until it meets a 
finer carded drum 22, which is rotating in the same direction. 
A gap 23 exists between the two carded drums which allows a 
regulated quantity of tobacco to pass between the carded drums 
20, 22. The remaining tobacco, which collects upstream of the 
gap 23, is formed into a roll by the rotating action of the 
carded drums* 

The size of the tobacco roll is monitored by a 
photoelectric cell 2 6 and controlled by the tobacco delivery 
rate of the two-speed elevator* When the roll is of sufficient 
size, it blocks the photocell 26 and the elevator runs at 
normal speed. When the size of the tobacco roll diminishes, 
indicating insufficient tobacco feed, the photocell 26 is 
actuated, causing the two-speed elevator 16 to switch from 
normal speed to high speed, which increases the rate of tobacco 
delivery to the carded feed drum 20. When the size of the 
tobacco roll returns to normal, the photocell is again blocked 
and the elevator speed returns to normal. 

Tobacco which passes through the gap 23 between the 
carded feed drums 20, 22 is removed by a picker roller 28 and 
passes under a winnower roller and a collector tube 30, after 
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which it is carried up the tobacco chimney 24 by an air stream 
and onto a perforated tobacco suction band 32. 

The tobacco is held by suction to the underside of 
the tobacco suction band 32 and conveyed toward a garniture 34. 
The depth of the tobacco on the suction band 32 is monitored by 
means of an air cell and vacuum transducer 36. Before reaching 
the garniture 34, the tobacco stream passes over ecreteur discs 
38 which can be raised to trim off excess tobacco, or lowered 
to leave more tobacco on the band, in order to control the 
density of the tobacco rod delivered to the garniture 34. 

After leaving the ecreteur discs 38, the tobacco 
meets the cigarette paper 40 at the entrance to the garniture 
34. The tobacco is then compressed, a first paper fold is made, 
and adhesive is applied to one edge of the paper. Following 
application of the adhesive, the paper is lap folded and sealed 
by a heater. 

The completed cigarette rod passes a density gauge 
42, which is normally a radiation-type density sensor, for 
example model 7 000 Micro Plus manufactured by ABB Industrial 
Systems, Inc., where the density is electronically monitored. 
Any deviation from standard density is fed back to a weight 
control system 44, which electro-mechanically adjusts the 
height of the ecreteur discs 38 to make a correction. 

After passing the density gauge 42, the tobacco rod 
passes into a cutting unit 46 where it is cut into individual 
cigarette lengths. The cigarettes are then transferred from the 
cigarette maker to the next production step, e.g., to apparatus 
for attaching a filter. 

A preferred embodiment of the present invention 
further includes a micro-computer system 50 and a shaft encoder 
48, which are described further below. The microcomputer 50 
receives the output signals from the density gauge 42 and the 
air cell transducer 36. The location of these inputs serves to 
isolate the rotating or moving mechanical components of the 
cigarette maker into two sections, the hopper/ suction band and 
the ecreteur/garniture sections. However, tobacco stream 
measurements from other areas could be added to expand the 
system. 
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The density gauge 42 provides a voltage output which 
is approximately the logarithmic inverse of the tobacco process 
weight. The voltage signal may be converted to tobacco weight 
using the formula, 
5 PW = CI - (C2 x Ln (X)) 

where PW is the process weight, CI and C2 are constants, and X 
is the voltage output of the density gauge . 

The air cell vacuum transducer 36 is preferably a 
model 142PC01D manufactured by Micro Switch, which provides a 

10 voltage output which is proportional to the amount of tobacco 
under it. An increase in the amount of tobacco carried under 
the air cell by the suction band will cause an increase in the 
voltage output of the transducer* 

Referring to Fig, 2, the computer system 50 is 

15 comprised of a data acquisition processor 52, a central 

processing unit (CPU) 54, and memory 66 (which may include both 
random access memory and a hard disk) . The data acquisition 
processor 52 includes an analog-to-digital convertor ("ADC W ) 56 
and a digital signal processor 58. By way of example, the CPU 

20 54 is a general purpose Intel 486-type IBM PC-compatible 

computer chip. The data acquisition processor 52 is preferably 
a model DAP 2400/6 manufactured by Microstar Laboratories, 
which contains a Motorola 56001 digital signal process (DSP 
chip) , and is programmed independently of the CPU using its own 

25 multi-tasking operating system to perform FFT analysis. The 

processor 52 may also be programmed to perform other real time 
data analyses, as discussed below, which are transferred to the 
CPU over binary communication pipes for further processing and 
display. The computer system 50 also preferably includes a 

3 0 video display 60, a keyboard interface 62, and a printer 64. 

The shaft encoder 48 is mechanically coupled to the 
cigarette maker and synchronized to the cigarette cutting knife 
46 to provide timing signals to the computer 50. Each 
revolution of the shaft encoder 48 corresponds to the making of 

3 5 two cigarettes. During a single revolution, the encoder 

generates one index pulse and forty-eight (48) sub segment 
pulses. The first subsegment pulse is generated simultaneously 
with the index pulse, and the index pulse and the first 

7 

BttSDOCtD: <WO__961668aA1 JL> 



WO 96/15688 ^_ 

PCT/US95/15079 

subsegment pulse correspond to the beginning of a cigarette 
pair. 

Subsegment pulses are used to trigger twenty-four 
(24) readings of an analog-to-digital convertor (ADC) per 
cigarette. On each subsegment pulse, the ADC 14 makes one scan 
of the density gauge 12 and the air cell transducer 13. The 
index pulse provides synchronization between the cigarette 
maker and the computer system 20. 

The ADC 56 converts the analog voltage signals to 
digital values which are then mathematically processed by the 
digital signal processor 58 to provide real time statistical 
information concerning the tobacco rod. The data acquisition 
processor 52 then sends the information to the CPU 54 for 
further processing and presentation through the video display 
60. 

More specifically, in accordance with the invention, 
the digital signal processor 58 performs an FFT spectral 
analysis on the rod density readings and air cell readings, so 
as to determine how the tobacco weight varies over time, at 
various harmonic frequencies, at two different locations in the 
machine, i.e., the suction band and the finished rod. The 
processor 58 also calculates the following real time 
statistical process data: 

1) Group Weights. The average weight of the last 1024 
cigarettes, updated every 256 cigarettes; 

2) Standard deviation of group weight; 

3) Group Air Cell. The average air cell reading of the 
last 1024 cigarettes updated every 256 cigarettes; 

4) Standard deviation of group air cell readings ; 

5) Average of group weight and group air cell; 

6) Number of cigarettes produced; 

7) Percentage and number of light weight reject 
cigarettes ; 

8) Weight of the lightest light weight reject; and 

9) Average segment profile of the last 1024 cigarettes and 
air cell readings updated every 1024 cigarettes. 

The FFT frequency analysis is used by the system to 
identify, and to isolate the sources of, abnormal variation in 
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the tobacco rod density. The remaining statistical data is 
generated to provide personnel with a complete real time 
overview of cigarette maker performance. 

Fig. 3 is a flow chart illustrating a procedure for 
5 establishing reference tables used in accordance with the 

present invention. The operating RPM's of all of the rotating 
machine parts , frequencies of interest, and vibrational limits 
at each such frequency are determined. This may be done in the 
same manner as presently employed in frequency analysis 

10 diagnostics. For example, the operating RPM's and frequencies 
of interest are determined by analyzing the mechanical drive 
systems of the cigarette maker and hopper systems. 
Manufacturer's drawings and data sheets on the machine drive 
systems provide information pertaining to the RPM ratios of all 

15 coupled shafts in the machine* The shaft ratio is then applied 
to the main drive RPM, which is known either by manual or 
automatic measurement, to calculate the RPM of all other shafts 
in the drive system. 

For example, if the ratio of the driven shaft to the 

20 driver shaft is 2:1, and the driver shaft is operating at 3 600 
RPM, then the driven shaft is operating at 1800 RPM. The 
frequency harmonics corresponding to such RPM are determined by 
dividing RPM by 60, and therefore the frequency harmonic 
representing the 1800 RPM shaft would by 30 Hz. Multiples of 

25 the fundamental frequency (e.g., 0.5x, 2x, 3x, 4x, 5x etc.) may 
also be used. 

Once the frequencies of interest are determined, a 
harmonic amplitude limit is assigned to each such frequency, 
i.e., the amount of variation of tobacco weight that is deemed 

30 acceptable at each frequency (the variation which is acceptable 
will normally differ for different frequencies) . To set the 
harmonic amplitude limits, 2048 point FFT's are performed on 
data from each sensor, i.e., suction band air cell and density 
measurement of the finished rod, on a machine in good working 

35 order under normal production conditions. The digital signal 
processor 58 compiles a running average of the FFT amplitudes 
at each frequency over a period of approximately 5 minutes to 
establish a representative average harmonic amplitude level, at 
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each frequency, for each of the two weight measurements. The 
amplitudes of the previously determined frequencies of 
interest, i.e., those known to relate to operating mechanical 
components, are then selected from the averaged FFT data and 
5 increased in value by an appropriate amount, depending upon the 
expected normal deviation. Initially, the amplitude limit may 
be set to a predetermined amount, e.g., 50% to 100% higher than 
the normal corresponding average harmonic amplitude. 
Thereafter, the amplitude limit may be set to a different level 
10 depending upon previous experience. 

A table of frequencies of interest, together with the 
corresponding amplitude limits, is compiled, as illustrated in 
Table 1 below, and stored in memory 66. 



15 



20 



Table I - Component Freouenci eg /Ampl itnde Limits 
Frequency Amplitude T.jfflj^ Component Message 

f i a i A action 

f 2 a 2 b » 

f 3 a 3 a •« 

f 4 a 4 c 



f ~ a n N 



n 



The message column may contain recommended action relating to 
the adjustment or replacement of the indicated mechanical 
components/assemblies or supply additional information which is 

25 used to locate and eliminate a mechanical problem. 

Various other product parameters which are to be 
monitored are selected, and target values as well as variation 
tolerances are determined. In an exemplary embodiment, six main 
process parameters are monitored at the location of the 

30 garniture based on measurements from density gauge 42: 

individual cigarette weight (which is the sum of 24 subsegment 
density measurements) , 1024 point moving average group weight, 
standard deviation of the group weight, average of the 
individual cigarette weights, average of the group weights and 

35 average for the group standard deviation. 



10 
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10 



Six process parameters are also determined at the 
location of the suction band 32, based on air cell measurements 
(pressure drop measurement indicating the amount of tobacco on 
the suction band available to make the cigarette) : individual 
cigarette air cell (sum of 24 subsegments air cell 
measurements), 1024 point moving average group air cell, 
standard deviation of the group air cell, average of the 
individual cigarette air cell, average of the group air cell 
and average of the group standard deviation* A reference table 
of such parameters, their target values, and acceptable 
deviation limits, is compiled, as illustrated below in Table 2, 
and stored in memory 66, 



15 



Table 2 - Process Targe ts and Limits 



Process 



Group Weights 
Group Air Cell 
Average Wt & AC 



Target 
X 
Y 
Z 



AX 
AY 
AZ 



A baseline frequency signature of the cigarette 
20 weight and air cell signals are aflso taken while the machine is 
in good working order. The digital signal processor 58 performs 
2048 point FFT's over a period of approximately 30 minutes in a 
peak detection mode, to identify the highest amplitude level, 
for each frequency in the spectrum, for normal operation. The 
25 results are stored in a signature reference table in memory 66, 
as illustrated below in Table 3. 

Table 3 - Frequency Signature Of Weight and Air Cell 



30 



Rod Weight; 
Frequency Affipljtyfle 



Air Cell Weight 
Frequency hWPl itufle 



35 
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Thus Table 1 contains only some of the frequencies, 
namely, frequencies that correspond to harmonics of the 
rotating components of the machine. In Table l, amplitude 
limits are assigned at each frequency. The amplitude limit is 
the normal amplitude at such frequency plus some additional 
value (i.e., the density can vary somewhat above normal value 
and still be in limits) . 

Table 2 contains certain other product measurements and 
limit values. Table 3 contains the normal amplitude of weight 
value at all of the frequencies determined by FFT analysis. 

Process Monitoring ProcediirP 

The basic procedure for implementing the present 
invention is presented in Fig. 4. A route or predetermined list 
of measurement points is entered. (Step 80). Many different 
sensors could be included in the route, but for purposes of 
illustration the route will be limited to the cigarette weight 
signals from the density detector 4 2 and air cell transducer 
36. 

In response to each pulse from encoder 48, the ADC 56 
reads a density signal 42 and an air cell transducer signal 36. 
(Step 81) . The ADC 56 converts tshe signals into digital values 
and supplies them to the data acquisition processor 52. 

At predetermined intervals, e.g., of 256 data points, 
product data, e.g., 1024 point moving average of cigarette 
weight and air cell, standard deviation of cigarette weight and 
air cell, etc., are calculated by the digital signal processor 
58 and supplied to the CPU 54. (Step 82). The CPU 54 then 
compares the measured product data with the target and limit 
values stored in Table 2. (Step 83). If any of the measured 
product data exceeds the limits in Table 2 (Step 84) , the CPU 
54 updates the process monitor alarms and displays on the 
computer video display 60 (Step 85) . 

At predetermined intervals, e.g., of 2048 data 
points, the digital signal processor 58 performs a Fast Fourier 
Transform analysis on the weight values from the density 
detector 42 to calculate the amplitude of the deviation at each 
of 1024 harmonic frequencies. It then performs the same 
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analysis on the air cell transducer values (36) , and supplies 
such information to the CPU 54. (Step 86) , 

For each of the two measurements, i.e., tobacco rod 
weight and suction band tobacco weight, the CPU 54 compares the 
5 harmonic amplitudes at each frequency to the corresponding 
harmonic amplitudes in Table 1 (only frequencies related to 
mechanical components exist in Table 1) and Table 3 (Step 87) . 
If the measurements should exceed the deviation limits of Table 
1, or the baseline values of Table 3 (Step 88) , the CPU 54 

10 attempts to correlate the out-of-limit harmonic frequencies to 
the corresponding mechanical components form Table 1 which 
operate at or have harmonic frequencies equal to the out-of- 
limit harmonics. (Step 89) . The out-of-spec frequencies and 
amplitudes along with the indicated mechanical components and 

15 messages are displayed (Step 90) on the display monitor 60 
and/or printer 64 . A combination of graphical and tabular 
displays is preferred. The program then continues the 
monitoring process. 

The monitor or printout preferably indicates whether 

20 the amplitude measurement in question is out-of-spec with Table 
1, Table 3, or both. Harmonics exceeding the limits of Table 3 
indicate process variations that are increasing, i.e., moving 
up above the baseline signature, and serve primarily to warn of 
developing problems which do not necessarily require immediate 

25 mechanical attention. Harmonics exceeding the limits of Table 
1, however, indicate an immediate need for mechanical 
adjustment or component replacement. 

It is possible that the amplitude comparisons to the 
baseline signature of Table 3 could indicate out-of-limit 

3 0 harmonic frequencies which cannot be correlated to mechanical 
components in Table 1. This condition will be indicated on the 
monitor or printout, and suggests a process variation unrelated 
to machine components or a yet unidentified mechanical 
condition and the need for further mechanical analysis. 

35 The foregoing represents a preferred embodiment of 

the invention. Variations and modifications will be apparent 
to persons skilled in the art, without departing from the 
inventive principles disclosed herein. All such modifications 

13 

BNSDOCtD: <WO_961 6688A1 Ju> 



WO 96/15688 




PCT/US95/ 15079 



and variations are intended to be within the scope of the 
invention, as defined in the following claims. 
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I claim: 

1. A machine for making a product, comprising a 
plurality of rotatable elements for supplying a substance in 
continuous form, detection means for periodically sensing a 

5 parameter representative of the supply rate of said substance 
and for generating signals in response thereto, and a 
diagnostic system comprising a processor means, wherein said 
processor means comprises: 

means for storing said signals from said detection 
10 means in digital form; 

means for performing a Fast Fourier Transform on a 
plurality of the stored digitized signals for determining 
amplitude over a spectrum of frequencies; 

means for comparing the calculated amplitude, at 
15 preselected frequencies, to a reference value at each such 

frequency in order to identify out-of-spec amplitude 
values; and 

means, responsive to identifying an out-of-spec 
amplitude value, for generating an error message 
20 indicating possible abnormal condition. 

2. A machine according to claim 1, wherein said 
reference value is a predetermined deviation from a normal 
amplitude value at each frequency. 

3* A machine according to claim 1, wherein said 
25 reference value is a normal maximum amplitude value at each 
frequency. 

4. A machine according to claim 1, wherein said 
processor means includes means for storing component harmonic 
frequency values corresponding to rotating frequencies, and 

3 0 harmonics thereof, of rotating machine components, and wherein 
said processor means further comprises means, responsive to 
identifying an out-of-spec amplitude value, for matching the 
frequency corresponding to the out-of-spec amplitude value to a 
component harmonic frequency value, in order to correlate the 

35 out-of-spec amplitude value to one or more rotatable components 
of the machine. 

5. A machine according to claim 1, wherein said 
processor means includes means for storing component harmonic 
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frequency values corresponding to rotating frequencies, and 
harmonics thereof, of rotating machine components, wherein said 
preselected frequencies are said component harmonic frequency 
values, and wherein said processor means further includes means 
for comparing the calculated amplitude, at each frequency of 
the spectrum of frequencies, to a second reference value for 
each frequency, and means, responsive to identifying an out-of- 
spec amplitude value, for generating an error message 
indicating possible abnormal condition. 

6. A machine according to claim 4, comprising means 
for measuring at least one other process value relating to the 
product, wherein said processor means further comprises means 
for comparing said other process value to a predetermined limit 
to identify out-of-spec process values, and means responsive to 
identifying an out-of-spec process value for matching the 
frequency corresponding to said out-of-spec process value to a 
component harmonic frequency value to attempt to correlate said 
frequency to one or more rotatable elements. 

7. A machine according to claim 4, wherein said 
processor means includes means for storing component harmonic 
frequency values corresponding to rotating frequencies, and 
harmonics thereof, of rotating machine components, wherein said 
preselected frequencies are said component harmonic frequency 
values, and wherein said processor means further includes means 
for comparing the calculated amplitude, at each frequency of 
the spectrum of frequencies, to a second reference value for 
each frequency for identifying out-of-spec amplitude values. 

8. A machine according to claim 7, comprising means 
for measuring at least one other process value relating to the 
product, wherein said processor means further comprises means 
for comparing said other process value to a predetermined limit 
to identify out-of-spec process values, and means responsive to 
identifying an out-of-spec process value for matching the 
frequency corresponding to said out-of-spec process value to a 
component harmonic frequency value to attempt to correlate said 
frequency to one or more rotatable elements. 

9. A machine according to claim 8, wherein said 
reference value is a predetermined deviation from a normal 
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amplitude value at each component harmonic frequency value, and 
wherein said second reference value is a normal maximum 
amplitude value at each frequency of the spectrum of 
frequencies. 

5 10. A machine according to claim 9, wherein said 

processor means includes a first table storing component 
harmonic frequency values and corresponding amplitude limits 
and component identifications, a second table storing at least 
one process parameter and corresponding target and limit 
10 values, and a third table storing a spectrum of frequency 
values and a corresponding normal amplitude value for each 
frequency. 

11. A machine according to claim 1, comprising first 
and second regulating means for regulating the supply rate of 

15 said substance during processing in said machine, wherein said 
detection means is located between said first and second 
regulating means, and further comprising second detection 
means, located downstream of said second regulating means, 
wherein said processor means includes means for performing an 

20 FFT analysis on data from said second deyection means and 

comparing the calculated amplitude, at preselected frequencies, 
to a reference value at each such frequency in order to 
identify out-of-spec amplitude values. 

12. A cigarette maker comprising means for supplying 
25 a continuous, moving stream of tobacco, at a regulated rate, to 

a garniture, a garniture for combining said tobacco and 
cigarette paper to form a continuous tobacco rod, first sensor 
means for measuring the instantaneous weight of the moving 
tobacco at a selected location in said machine and for 
30 generating signals in response thereto, and a diagnostic system 
comprising a processor means, wherein said processor means 
comprises: 

means for storing said signals from said first sensor 
means in digital form; 
35 means for performing a Fast Fourier Transform on a 

plurality of the stored digitized signals for determining 
amplitude over a spectrum of frequencies; 
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means for comparing the calculated amplitude, at 
preselected frequencies, to a reference value at each such 
frequency in order to identify out-of-spec amplitude 
values ; and 

5 means, responsive to identifying an out-of-spec 

amplitude value, for generating an error message 
indicating possible abnormal condition. 

13. A cigarette maker according to claim 12, wherein 
said reference value is a predetermined deviation from a normal 

10 amplitude value at each frequency. 

14. A cigarette maker according to claim 12, wherein 
said reference value is a normal maximum amplitude value at 
each frequency. 

15. A cigarette maker according to claim 12, wherein 
said processor means includes means for storing component 
harmonic frequency values corresponding to rotating 
frequencies, and harmonics thereof, of rotating machine 
components of the cigarette maker, and wherein said processor 
means further comprises means, responsive to identifying an 

20 out-of-spec amplitude value, for matching the frequency 

corresponding to the out-of-spec amplitude value to a component 
harmonic frequency value, in order to correlate the out-of-spec 
amplitude value to one or more rotatable components of the 
machine . 

25 16. A cigarette maker according to claim 12, wherein 

said processor means includes means for storing component 
harmonic frequency values corresponding to rotating 
frequencies, and harmonics thereof, of rotating machine 
components, wherein said preselected frequencies are said 
component harmonic frequency values, and wherein said processor 
means further includes means for comparing the calculated 
amplitude, at each frequency of the spectrum of frequencies, to 
a second reference value for each frequency, and means, 
responsive to identifying an out-of-spec amplitude value, for 
generating an error message indicating possible abnormal 
condition. 

17. A cigarette maker according to claim 16, 
comprising means for measuring at least one other process value 
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relating to the product, wherein said processor means further 
comprises means for comparing said other process value to a 
predetermined limit to identify out-of-spec process values, and 
means responsive to identifying an out-of-spec process value 
5 for matching the frequency corresponding to said out-of-spec 
process value to a component harmonic frequency value to 
attempt to correlate said frequency to one or more rotatable 
elements. 

18* A cigarette maker according to claim 15, wherein 
10 said preselected frequencies are said component harmonic 

frequency values, and wherein said processor means further 
includes means for comparing the calculated amplitude, at each 
frequency of the spectrum of frequencies, to a second reference 
value for each frequency for identifying out-of-spec amplitude 
15 values. 

19. A cigarette maker according to claim 18, 
comprising means for measuring at least one other process value 
relating to the product, wherein said processor means further 
comprises means for comparing said other process value to a 

20 predetermined limit to identify out-of-spec process values, and 
means responsive to identifying an out-of-spec process value 
for matching the frequency corresponding to said out-of-spec 
process value to a component harmonic frequency value to 
attempt to correlate said frequency to one or more rotatable 

25 elements. 

20. A cigarette maker according to claim 19, wherein 
said reference value is a predetermined deviation from a normal 
amplitude value at each frequency, and wherein said second 
reference value is a normal maximum amplitude value at each 

30 frequency. 

21. A cigarette maker according to claim 12, wherein 
said first sensor means is located upstream of the garniture, 
and comprising second sensor means, located downstream of the 
garniture, for measuring instantaneous weight of the tobacco 

35 rod, wherein said processor means includes means for performing 
an FFT analysis on data from said second sensor means and 
comparing the calculated amplitude, at preselected frequencies, 
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to a reference value at each such frequency in order to 
identify out-of-spec amplitude values. 

22. A cigarette maker according to claim 21, wherein 
said processor means includes a first table storing component 

5 harmonic frequency values and corresponding amplitude limits 
and component identifications, a second table storing at least 
one process parameter and corresponding target and limit 
values, and a third table storing a spectrum of frequency 
values and a corresponding normal amplitude value for each 
10 frequency. 

23. A method of operating a machine that includes a 
plurality of rotating elements for supplying a substance in 
continuous form, comprising the steps of: 

detecting a parameter representative of the instantaneous 
15 supply rate of said substance and generating digitized signals 
in response thereto; 

performing a Fast Fourier Transform on a plurality of the 
stored digitized signals for determining amplitude over a 
spectrum of frequencies; 
20 comparing the calculated amplitude, at preselected 

frequencies, to a reference value at each such frequency in 
order to identify out-of-spec amplitude values; and 

generating an error message, in response to identifying an 
out-of-spec amplitude value, indicating possible abnormal 
25 condition. 
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